Background and Purpose-In patients with acute ischemic stroke, whether involvement of the insular cortex influences outcome is controversial. Much of the apparent adverse outcome may relate to such strokes usually being severe. We examined the influence of right and left insular involvement on stroke outcomes among patients from the IST-3 study (Third International Stroke Trial) who had visible ischemic stroke on neuroimaging. Methods-We used multiple logistic regression to compare outcomes of left versus right insular and noninsular strokes across strata of stroke severity, on death, proportion dead or dependent, and level of disability (ordinalized Oxford Handicap Score) at 6 months, with adjustment for the effects of age, lesion size, and presence of atrial fibrillation. Results-Of 3035 patients recruited, 2099 had visible ischemic strokes limited to a single hemisphere on computed tomography/magnetic resonance scans. Of these, 566 and 714 had infarction of right and left insula. Six months after randomization, right insular involvement was associated with increased odds of death when compared with noninsular strokes on the left side (adjusted odds ratio, 1.83; 95% confidence interval, 1.33−2.52), whereas the adjusted odds ratio comparing mortality after insular versus noninsular strokes on the left side was not significant. Among mild/moderate strokes, outcomes for right insular involvement were worse than for left insular, but among more severe strokes, the difference in outcomes was less substantial. Conclusions-We found an association between right insular involvement and higher odds of death and worse functional outcome. The difference between right-and left-sided insular lesions on outcomes seemed to be most evident for mild/ moderate strokes. Clinical Trial Registration-URL: http://www.isrctn.com. Unique identifier: ISRCTN25765518.
S trokes involving the insular cortex tend to be more severe. 1, 2 Preliminary evidence suggests that insular involvement is associated with poorer functional outcome after ischemic stroke regardless of infarct size, 3, 4 as well as with higher case fatality rates. [5] [6] [7] However, these associations are controversial. 2, 8, 9 The pathophysiological mechanisms explaining the apparent association of insular involvement with poor ischemic stroke outcome remain unknown. Differences in outcomes between left and right insular cortex strokes arise because of the laterality of autonomic representation in the brain, 10 although there is disagreement whether the right or left insula is the one most associated with poor prognosis. 2, 5, [11] [12] [13] [14] We therefore examined the associations between insular involvement, its laterality, and outcome at 6 months after stroke in the large prospective data set provided by the IST-3 study (Third International Stroke Trial).
Methods

Study Cohort and Neuroimaging Studies
The IST-3 was an international, multicenter, open-label, randomized controlled trial of intravenous recombinant tissue-type plasminogen
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activator versus control within 6 hours of ischemic stroke onset, enrolling 3035 patients at 156 centers in 12 countries. 15 A detailed description of the study is provided elsewhere [15] [16] [17] and in the onlineonly Data Supplement. Computed tomography (CT) or magnetic resonance imaging scans were obtained before enrollment and were repeated 24 to 48 hours after stroke and again if there was evidence of neurological deterioration within the first 7 days. To increase the odds of detecting acute lesions, we used available follow-up scans. This study cohort included 2099 ischemic stroke patients showing unilateral acute ischemic changes in follow-up neuroimaging studies according to the expert central review ( Figure I in the online-only Data Supplement). 18 All scans were systematically assessed by neuroradiologists or stroke neurologists expert in stroke imaging, masked to all clinical data. 19 The definitions for cerebral infarcts involving the insular cortex, stroke severity, and lesion size are provided in the online-only Data Supplement.
Outcomes
The main outcome measure was death from all causes by 6 months. The Oxford Handicap Score (OHS) is a commonly used variant of the modified Rankin scale. 19 We defined 2 measures of functional outcome: (1) the proportion of patients dead or dependent at 6 months, with dependency defined as OHS 3-5 20 and (2) the level of disability, with the OHS considered as an ordinal outcome because it is statistically more efficient 21 (OHS levels 4-6 were pooled to strengthen the analysis against substantial deviations from the proportional odds assumption 22 ). We used level of disability instead of dependency for the ordinalized OHS to avoid confusion with the other measure of functional outcome proportion of patients dead or dependent. For all deaths within 7 days of randomization, the IST-3 adjudication committee reviewed, blind to treatment allocation, all relevant data to assign the cause of death. For deaths >7 days after randomization, although the stated cause of death from the death certificate was available for most cases, it was generally not feasible, from the data available, to reliably ascertain the cause.
Statistical Analysis
We fitted logistic regression models for 6-month mortality and for the 2 secondary outcome measures: death or dependency and level of disability (ordinalized OHS) with terms for age, time to randomization, treatment (recombinant tissue-type plasminogen activator versus control), atrial fibrillation, National Institutes of Health Stroke Scale (NIHSS) score, lesion size, and laterality (right versus left) and insular involvement. The odds of each outcome for insular strokes on right and left sides and noninsular strokes on the right side were compared with odds for noninsular strokes on the left side (reference level). We also tested adding a term for interaction between laterality and insular involvement. The analyses were performed for all cases and separately for mild/moderate (NIHSS score of ≤15) and severe (NIHSS score of >15) strokes. We used Kaplan-Meier curves to compare death in the first 6 months after right noninsular, left noninsular, right insular, and left insular strokes.
Results
Of 3035 patients recruited, 2134 had computed tomography/ magnetic resonance evidence of cerebral infarction on baseline or follow-up scans. For the present analysis, we excluded patients with midline (n=34) and bilateral (n=1) infarcts. As a result, the study cohort comprised 1280 patients with strokes involving the insular cortex and 819 without insular involvement. Left-sided strokes were significantly preponderant (55.6%; 95% confidence interval [CI], 53.4-57.7): 566 (44%) and 714 (56%) cases had right and left insula infarcts, respectively; but the proportions with insular involvement were similar between left and right sides (61.2% and 60.7%, respectively; Figure I in the online-only Data Supplement). Mean age was 77.4 years, and 1083 patients were women (51.6%). Table 1 shows the baseline characteristics of patients according to the insular involvement and side of lesion.
Among all ischemic strokes (mild/moderate+severe), unadjusted death at 6 months was higher for both right insular (40.5%; 95% CI, 36.4−44.5) and left insular (38.5%; 95% CI, 34.9−42.1) involvement than for right noninsular (18.8%; CI, 14.8−22.8) and left noninsular (20.8%; 95% CI, 17.1−24.5) infarcts ( Figure 1) . Figure 2 shows death and death or dependency at 6 months as a function of insula involvement, stroke severity, and presence of atrial fibrillation, three of the most stable predictors of worse outcome in the regression models. For mild/moderate strokes, right insular involvement had higher proportion of deaths and death or dependency than any other stroke localization, both in patients with and without atrial fibrillation. For severe strokes, both left and right insular infarcts had worse outcomes than those not involving the insula, both for patients with and without atrial fibrillation.
After adjusting for age, stroke severity (NIHSS), delay time, lesion size, atrial fibrillation, and treatment group, the main effects of insular involvement and laterality were significant for all 3 outcomes. However, their interaction was only significant for death (P=0.035) but not for secondary outcomes (Table I in the online-only Data Supplement). In comparison with strokes on the left side with no insular involvement, cases with right insular infarcts were independently associated with nearly 2-fold higher odds of death 6 months after ischemic stroke ( Table 2 , adjusted odds ratio, 1.83; 95% CI, 1.33-2.52). The effect of left insular involvement versus left noninsular was only significant for level of disability (odds ratio, 1.35) but not for death alone or death or dependency For patients with mild/moderate strokes, left insular involvement was not associated with any of the 3 outcomes, whereas insular involvement on the right was significantly associated with death or dependency (adjusted odds ratio, 1.98; 95% CI, 1.33-2.95) and level of disability (adjusted odds ratio, 1.44; 95% CI, 1.05-1.98). Among patients with severe strokes, both right and left insular involvement showed significantly higher level of disability and risk of being dependent than left noninsular strokes, but in regard to death only right insular involvement had significantly higher risk than the reference group ( Table 2) .
The most frequent cause of death at 7 days and 6 months was cerebrovascular (Table II in the online-only Data Supplement). Overall, both right and left insular strokes showed a higher proportion of cerebrovascular deaths, but this was most striking for patients with right insular strokes, among whom cerebrovascular deaths accounted for 97.1% and 64.2% of deaths at 7 days and 6 months.
Discussion
Our chief finding was an association of right but not left insular involvement with higher 6-month case fatality. Also, right insular strokes showed a higher proportion dead or dependent and higher level of disability in both severity strata, after adjustment for age, lesion size, stroke severity, time to randomization, treatment (recombinant tissue-type plasminogen activator versus control), and atrial fibrillation-variables usually considered as potential confounders in the association between insular strokes and worse prognosis. Left insular involvement was only associated with a higher level of disability for all strokes but not with death or death/dependency. 
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Moreover, there were no differences between left insular and left noninsular strokes among mild/moderate strokes. These findings suggest that among mild/moderate strokes outcomes for right insular involvement are worse than for left insular, but among more severe strokes the difference in outcomes is less substantial.
Right Insular Involvement and Increased Case Fatality
Only right insular involvement was consistently associated with 6-month death across all strata of stroke severity. Importantly, this association was independent of stroke severity and infarct size. Identifying the cause of death after stroke is difficult, especially for cases that die after discharge from hospital, where no autopsy is performed. 23 Although we did not find a clear excess of deaths attributable to cardiovascular causes in right insular infarcts either within 7 days or within 6 months, inaccuracies in death certificates may have obscured a difference. Although speculative, deaths classified as death from initial stroke ( Table II in the online-only Data Supplement) may have comprised patients with sudden death with or without undetected fatal cardiac arrhythmias. The highest proportion of such deaths was documented among patients with right insular infarcts. Nonetheless, the difference in deaths from all causes is striking. There are some clues supporting the role of cardiac arrhythmias as the cause of right insular stroke-associated deaths. 24 Cardiac arrhythmias are usually triggered by imbalance of sympathetic and parasympathetic activity rather than by either one or the other component. 25 Hence, increased death might be explained by damage to the right insula constituting a key pathophysiological trigger of cardiac arrhythmias because of autonomic imbalance. Differences on the influence of right and left insular involvement on increased death may be explained by the lateralization of insular regulation of the autonomic nervous system. Lesions to the right insula result in a shift toward sympathetic tone leading to tachycardia and elevation of blood pressure 5, 12, [26] [27] [28] and cardiac arrhythmias and sudden death.
12,29
Insular Involvement and Poorer Functional Outcome
Right insular, and to a lesser extent left insular, infarcts were independently associated with worse functional outcome at 6 months (death or dependency and ordinal assessment of level of disability). It is unclear why right insular involvement influences functional outcome. The OHS is similar to the modified Rankin scale, 19 which is highly dependent on spared motor functions. 30 Insular infarctions are usually the consequence of proximal middle cerebral artery occlusions resulting in lesions also involving motor areas or their projections. 31 Thus, regardless of lesion size, the frequent impairment of motor function could be a possible explanation. Also, the insula is involved in a myriad of functions with considerable impact on activities of daily living. Right insular lesions have been implicated in spatial neglect, 32 impaired bodily awareness, including hemisensory deficits for all modalities (eg, hypesthesia, agraphesthesia, astereognosis, and even somatoparaphrenia), 33 and anosognosia for hemiplegia, 34 all of which can significantly impair functional performance. 35 Interestingly, anosognosia has been proposed as a determinant of poor stroke prognosis. 36 Right insular lesions are also associated with compromised cognition and emotional regulation, contributors to overall performance of activities of daily living. 37 Similarly to right insular involvement, the less consistent association between poor functional outcome and left insular cortex strokes can be explained by concomitant impairment of motor pathways. Furthermore, left insular damage can lead to impaired language production and decreased verbal memory, with direct implications on functional performance.
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Strengths and Limitations
The IST-3 study provides a large, prospective clinical cohort study, with complete baseline clinical and imaging measures and complete clinical follow-up. Indeed, vital status at 6 months was unavailable for only 24 of 3035 (0.8%). 15 The baseline and follow-up scans were read by an independent expert panel, blinded to all clinical data and blinded to the hypothesis tested here. We may have overlooked some small infarcts involving the insula as these may be difficult to identify on computed tomography, but no more so than small infarcts elsewhere, and the analysis compared visible infarcts in all brain regions. The use of scans obtained at 24 to 48 hours after stroke will have increased sensitivity to detecting small infarcts beyond that of computed tomography scans obtained within 6 hours of stroke. A clear limitation is that we could not reliably determine the cause of death between 7 days and 6 months because the death certificates' cause of death could not be independently verified and because anyway ascertainment of the cause of such deaths outside hospital is notoriously unreliable. 23 We did not record information on autonomic function during the study either. Second, despite the systematic use of the OHS in our study, we were not able to assess whether there was a specific cause of disability (eg, cognitive impairment, behavioral changes, and motor deficits). This may be assessed in future studies.
Conclusions
We found an association between right insular cortex ischemic stroke and increased death and poor functional outcome at 6 months. Our findings have implications for research Fatal recurrent ischemic stroke 
